P ersonality traits are stable patterns of thought, emotion, and behavior that characterize an individual through time and situations and generally are assumed to affect a person's vulnerability to various types of disease. A recently published review 1 proposed that a combination of chronic distress and disagreeable social behavior (eg, selfishness and intolerance) may constitute a disease-prone personality. The authors of the review criticized the traditional approach of analyzing personality traits separately from essential elements of the surrounding social context. They propose instead that risk for development of diseases is conferred not through specific personality traits but through recurring transactions between individuals with certain personality traits and the social environment.
A mental vulnerability scale was developed in Denmark in the 1960s. According to this scale, the mentally vulnerable individual consistently has both psychosomatic reactions and negative reactions in social interactions, where psychosomatic reaction is defined as bodily reactions caused by mental processes. 2, 3 The theory behind the scale assumes the adaptation of an individual to be a result of an interaction between a person's characteristic and consistent behavior and the environment. 2 A national Danish study demonstrated that mentally vulnerable persons, compared with nonvulnerable individuals, report more diseases and symptoms, use health services more often, and have a less healthy lifestyle. 3 In other studies, mental vulnerability has been associated with upper dyspepsia, 4 irritable bowel syndrome, 5 and peptic ulcer 6 but not with cancer. 7 Furthermore, mental vulnerability predicted persistent pain after lumbar spine surgery 8 and cholecystectomy 9, 10 independently of known risk factors.
Objective indicators of health status are not always available, and many epidemiologic studies are based on measures of self-reported health. These measures may be systematically biased because certain personality traits (eg, neuroticism) are associated with a tendency to experience and report physical symptoms and health problems. 11 An alternative approach is to use mortality as the outcome measure. Although death is the extreme manifestation of disease, it is plausible that effects of psychologic factors on physical health could result in excess or premature mortality. 1, 12 The objective of the present study was to evaluate the association between mental vulnerability and premature mortality by using a prospective design and taking into account a number of well established risk factors.
METHODS
The sample consisted of 3 study groups sampled randomly at different times (1976, 1982-1984, and 1991) from the southwestern part of Copenhagen County, Denmark (Table 1). The selected individuals who agreed to participate were examined at the Copenhagen County Research Center for Prevention and Health. The total sample included 8505 men and women of whom 6528 (77%) participated. [13] [14] [15] Ninety-three persons did not complete the test for mental vulnerability, leaving 6435 individuals for this analysis.
Information on mental vulnerability, sex, age, social class, marital status, diseases, physical activity, tobacco use, and alcohol consumption was obtained from self-administered and interview-administered questionnaires. The general health examination included weight, height, blood pressure, and blood samples for measures of cholesterol and triglyceride levels. [13] [14] [15] Body mass index (kg/m 2 ) was calculated from the height and weight data.
Since 1968, all residents of Denmark have been assigned a 10-digit personal identification number, and this number was used to link the current sample to 2 relevant registries. Information on vital status and immigration was obtained from the Civil Registration System up to 18 September 2001, and information on causes of death was obtained from the Cause of Death Registry up to 31 December 1998. The Cause of Death Registry classifies according to the International Classification of Diseases (ICD). Cases of death from suicide or accidents were identified by codes E800-E999 in the ICD 8 and V00-Y99 in the ICD 10. (ICD-9 was never used in Denmark).
The Mental Vulnerability Scale
We define mental vulnerability as "a tendency to experience psychosomatic symptoms or inadequate interpersonal reactions." 3 The Mental Vulnerability Scale (formerly called the Psychic Vulnerability Scale) is a Danish scale based on a 27-item, yes/no questionnaire constructed by the Military Psychologic Services in Denmark in the 1960s. 2 It is similar to international instruments developed in the same period, including 2 shortened versions of the Cornell Medical Index developed to find "emotionally disturbed persons," 16 and the "Twenty Two Item Screening Score" developed to measure impairment in life functioning due to common types of psychiatric symptoms. 17 We used a shortened version 12item version (available with the electronic version of this article). This 12-item scale has been validated as a reliable measure of a stable individual characteristic in studies comparing the measure to information collected from physicians on 1300 of the participants, 3, 18, 19 and in a test-retest comparison study of 3000 participants with measures taken 1 year apart. 18
Data Analysis
We constructed 3 classes of mental vulnerability from the 12-item version of the Mental Vulnerability Scale, which was asymmetrically distributed in the sample ( Fig. 1 ). Individuals with 0 -2 affirmative answers were classified as not vulnerable (n ϭ 5081, 79%), individuals scoring 3-4 as moderately vulnerable (n ϭ 836, 13%), and those scoring 5 or more as highly vulnerable (n ϭ 518, 8%). The cumulative total mortality by mental vulnerability classification was examined by Kaplan-Meier plots for men and women. We used the Cox proportional-hazards model, with age as the underlying time, to estimate the hazard ratios (HRs) and 95% confidence intervals (CIs) for the associations between mental vulnerability class and mortality risk. In subsequent models the association was adjusted for sex and morbidity (answer to the question: "Has a medical doctor ever told you, that you have a cardiac disease, a disease in the brain, bronchitis, diabetes or hypertension"), health status (systolic and diastolic blood pressure, triglyceride, cholesterol and body mass index), lifestyle (smoking habits, alcohol consumption, and physical activity), and social factors (social class and marital status). 20 For each model backward selec- 
RESULTS
The mean follow-up time was 15.9 years (range, 0.1-25.4 years) for analysis of total mortality and 13.6 years (range, 0.1-22.7 years) for mortality due to natural causes. The mean age of the sample at inclusion was 46 years (range, 30 -71 years). For the analysis of total mortality 1013 persons had died; and among these, 720 were not vulnerable, 160 were moderately vulnerable, and 133 were highly vulnerable. Summary statistics of covariates are shown in Table 2 .
In both men and women, the Kaplan-Meier plots showed a clear association between mental vulnerability and total mortality, indicated by the risk estimates across categories of increasing mental vulnerability. The plots suggest a somewhat different association for men and women (Fig. 2) , but there was no statistically significant interaction between sex and mental vulnerability (P ϭ 0.46); therefore, men and women were analyzed together with sex included as a covariate.
Results from Cox proportional-hazards models showed highly vulnerable persons to have an increased mortality compared with individuals categorized as not vulnerable persons (Table 3) . Adjusting for morbidity, lifestyle, and social class reduced hazard ratio from 2.1 to 1.6. Censoring individuals dying from unnatural causes (n ϭ 27), had little effect on the associations (for moderately vulnerable: HR ϭ 1.2, CI ϭ 1.0 -1.5; for highly vulnerable: HR ϭ 1.6, CI ϭ 1.2-2.0). Including the mental vulnerability score as a continuous variable in the final model gave similar results (data not shown). The final model was analyzed separately by sex, revealing the same hazard ratios for highly vulnerable men and women (for men 1.5, 1.1-2.1; for women 1.6, 1.2-2.1). Highly vulnerable persons had increased death rates compared with persons who were not vulnerable for each of the individual causes of death we examined (cardiovascular disease, cancer, suicides and accidents, and all others; Table 4 ).
DISCUSSION
In this population-based cohort study, we observed associations between mental vulnerability and premature mortality after adjusting for well-established risk factors for early death. Considerable evidence was found that psychosocial factors, including nonspecific somatic and psychologic symptoms, poor social network, low socioeconomic status, low social activity, and bereavement, can affect health and longevity. 1, [21] [22] [23] [24] Hostility is the personality trait that has been most extensively studied in relation to mortality risk, and a recent meta-analysis of this literature concluded that hostility is an independent risk factor for all-cause mortality. 25 Neuroticism has not been shown to be associated with mortality. 26, 27 Consequently, Costa and McCrae 12 reasoned that although there is no evidence that neuroticism leads directly and causally to the development of life-threatening disease, this trait is intimately linked to health habits, somatic complaints, illness behavior, and even medical diagnosis. Other studies have shown associations of psychoneurosis, suppressed anger, suspiciousness, psychologic distress, and cynicism with mortality. 23, [27] [28] [29] [30] Personality traits such as hostility and neuroticism are defined as stable patterns of thoughts, emotion, and behavior. Mental vulnerability describes a pattern of consistent psychosomatic reactions as well as negative reactions in interpersonal interactions. [1] [2] [3] Mental vulnerability includes only 2 reaction patterns, whereas closely related personality traits such as neuroticism include anxiety, angry hostility, depression, self-consciousness, impulsiveness, and vulnerability. 31 In a study of 49 patients after laparoscopic cholecystectomy, we observed a moderate correlation between the Eysenck Neuroticism Scale and the 12-item Mental Vulnerability Scale used in this analysis (Spearman's correlation 0.66). 9 This level of correlation suggests that mental vulnerability is most likely a component of neuroticism, but neuroticism is a broader concept than mental vulnerability. In the present study, the Mental Vulnerability Scale was compared with 2 items on depressed mood in the SL-36, Mental Health Dimension ("Have you felt so down in the dumps that nothing could cheer you up?" "Have you felt downhearted and blue?") in the 1936 cohort. The analysis revealed correlation coefficients of 0.41 and 0.44, respectively (Spearman's correlation). Thus, there is some overlap between depression and mental vulnerability, but the results give reason to believe that these are different constructs. The Mental Vulnerability Scale (online appendix) includes several questions on bodily symptoms. One might argue that these physical symptoms indicate the early stages of medical diseases and that the presence of a serious medical disorder, although undiagnosed, might account for the observed association in the present study. However, the somatic symptoms in the scale are nonspecific, relatively common symptoms in the population, and are normally associated with *The number of individuals with missing data for these variables ranged from 0 (gender and smoking habits) to 31 (physical activity); 6321 participants had no missing data. † Based on responses to the question, "Has a medical doctor ever told you, that you have a cardiac disease, a disease in the brain, bronchitis, diabetes or hypertension?" at enrollment. ‡ Median (25th percentile to 75th percentile). A previous Danish study demonstrated that mental vulnerability is associated with an unhealthy lifestyle. 3 Controlling for health-related behaviors did not substantially change the hazard ratios. Still, a possible explanation may be that mentally vulnerable persons may be less able to change their behavior in a more healthy direction. Further research in the area is needed. Mentally vulnerable persons may also have fewer interactions with the health care system, resulting in earlier death. The percentages of mentally vulnerable persons were higher in the lower social class, which could be related to health care utilization. However, in Denmark there is an equal and free access to the health care services, and in an earlier study a higher use of the health care system was seen in the mentally vulnerable compared with persons who were not vulnerable. 3 An association between mental vulnerability and low social status also was observed in a previous study. 3 The observed association between mental vulnerability and mortality might therefore reflect social status effects. 21 However, controlling for social class and marital status did not change the hazard ratio substantially.
Our results imply that mental vulnerability is an independent risk factor for premature mortality. Mental vulnerability may be associated with higher levels of chronic physiological stress because vulnerable individuals not only react with bodily distress but also create stressful situations because of their negative reactions in interpersonal interactions. This high level of chronic psychologic stress may lead to diseases and early mortality. 32 We used mortality as the outcome measure to avoid bias resulting from possible associations between mental vulnerability and tendencies to experience and report physical symptoms. However, total mortality also is problematic as an outcome measure because not all diseases lead to a premature mortality, and total mortality does not reveal associations between mental vulnerability and specific diseases. In this study, we found increased death rates for highly vulnerable persons compared with persons who were not vulnerable for some broad categories of diseases. Further research is needed to explore whether mental vulnerability is a risk factor for specific diseases and whether the mental vulnerability is associated with a higher level of chronic stress. The Mental Vulnerability Scale measures a person's reactions and does not include measures of the surrounding social environment. Therefore, the scale alone does not reflect the dynamic interaction of specific personality traits with recurring transactions that occur between the individual and the social environment and that may lead to disease. 1 However, examining the possible link between mental vulnerability and mortality is a necessary first step before evaluating how changes in the social environment might influence the association between this personality trait and mortality. The current study of mental vulnerability has certain advantages. The cohort was population-based with a relatively high response rate (77%), the study had a prospective design, and follow-up data on mortality were complete because it was based on valid central registers. Furthermore, the test applied in the study is a validated one-dimensional scale.
This study also has certain limitations. The exposure assessment was limited since we only obtained information about mental vulnerability at one point in time. Finally, it is also a limitation that the Mental Vulnerability Scale has only been used among Danes, and, therefore, has not been validated in other populations.
In summary, this population-based prospective study suggests that mental vulnerability is an independent predictor of premature mortality. Further research is needed to examine if mental vulnerability is associated with a higher level of chronic stress, and to establish possible associations between mental vulnerability and specific diseases. 
